The EUS-guided biliary drainage (EUS-BD) has gained broad acceptance as the preferred approach after failed ERCP for malignant biliary obstruction. Despite the drainage route, namely, transhepatic or transduodenal, the technical and clinical success rates are high. Because of such good outcomes with tolerable adverse events (AEs) rate, the EUS-BD might soon even replace the ERCP for primary biliary decompression in patients at high risk of failed biliary cannulation. Among the EUS-BD techniques, the choledochoduodenostomy seems to carry the lower risk of AEs and should be considered the first-line EUS approach for biliary decompression.
INTRODUCTION
The ERCP is the gold-standard technique to perform the biliary drainage (BD) in either benign or malignant obstruction context. The success rate for biliary cannulation is over 90% in patients with naive gastrointestinal anatomy. [1, 2] However, a failed biliary cannulation renders advanced biliary access techniques necessary which carry higher rates of adverse events (AEs) compared to the standard retrograde transpapillary access. [3] Even after employing advanced cannulation techniques or a redo ERCP, the BD cannot be achieved in a small portion of cases.
Until the 2000s, the alternatives to an ERCP failure included surgical or percutaneous transhepatic biliary drainage (PTHD). However, since the Giovannini et al.
first reported the EUS-guided BD, it has gained broad acceptance as another plausible alternative. [4, 5] In fact, recent guidelines even recommend the EUS-BD to be the preferred approach after a failed ERCP. [6] The EUS-guided choledochoduodenostomy (CDS) is a type of EUS-guided transluminal technique that creates a fistula communicating the duodenal bulb with the common bile duct (CBD). A therapeutic curved linear array echoendoscope with a large working channel is introduced into the duodenal bulb to perform the biliary access and the stent placement as a one-step procedure. Then, the CBD should be interrogated to assess the severity of dilation and the location of the obstruction. Besides its proximity to the duodenum, the This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
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Review Article retroperitoneal position renders the CBD an attractive puncture site even in patients with ascites.
After puncturing the CBD with a 19G needle (directed toward the hilum), the assistant should aspirate bile and inject contrast to obtain a cholangiogram, thus confirming the biliary access. Then, a hydrophilic 0.035-inch guidewire is used to negotiate the CBD above the hepatic confluence. The needle is withdrawn with the wire left in place, and the tract should be dilated using a cystotome or a needle-knife, followed by Soehendra catheter or balloon dilation. Finally, the stent is inserted under endoscopic and fluoroscopic guidance with the proximal end inside the common bile duct (CDB) and the distal in the bulb. The most commonly employed stent is the fully covered biliary stent which can be associated with a double-pigtail plastic stent [ Figure 1 ]. However, partially covered, double pigtails alone [ Figure 2 ], and novel-specific stents -the lumen apposing metallic stents (LAMS) -have also been reported. [6] More recently, the LAMS delivery system has been electrocautery enhanced, which obviated the need for guidewire placement and tract dilation thus shortening the duration of the procedure. Figure 3 illustrates the whole CDS procedure.
Most studies report extremely high technical success rates for the CDS, but clinical success tends to be slightly lower. Its main drawback is the incidence of AEs: Overall rates up to 14%. [7, 8] This review article focuses on summarizing the current data concerning outcomes and limitations of the CDS at treating obstructive biliary disorders. 
OUTCOMES

Overall
Several recent well-conducted systematic reviews have assessed the efficacy and safety of the CDS, most reporting technical success rates around 90%-95% and clinical success rates around 85%-90%. Hedjoudje et al. included nine articles with a total of 283 patients undergoing CDS. The pooled technical and clinical success rates were 94.6% and 86.9%, respectively, while the overall AEs rate was 20%. [9] Ikeuchi and Itoi included 348 cases from 41 studies and reported a pooled technical success rate of 91.8%. The reasons for technical failure were stent dysfunction, failure to dilate the tract, and guidewire dislodgement. Only 34 articles have also described clinical outcomes: among the 236 CDSs procedures, 223 presented clinical success (94.5%). [10] Finally, Mohan et al. included 13 articles in a meta-analysis focused exclusively on CDS. A total of 572 patients underwent BD and the pooled overall technical and clinical success rates were 91.9% and 91.9%. The pooled AEs rate was 14.5% among which cholangitis, bleeding, bile leak, and perforation were the most common ones. [11] 
COMPARISONS OF OUTCOMES
Surgery versus choledochoduodenostomy
The surgical biliary bypass was the first palliative treatment to address obstructive jaundice and was the main modality to alleviate symptoms of biliary obstruction after failed ERCP for several decades. Although the related mortality has decreased from around 24% to 6.5%, morbidity is S74 ENDOSCOPIC ULTRASOUND / VOLUME 8 | SUPPLEMENT 1 / NOVEMBER 2019 still high: rates up to 35%. [12] [13] [14] In a few centers, especially in underdeveloped countries, the surgical approach is still the first-line palliative therapy after failed ERCP, mainly because of the lack of expertise and availability of alternative techniques such as the percutaneous transhepatic drainage (PTHD) or the EUS-BD [ Table 1 ].
Artifon et al. [15] compared specifically the CDS with a conventional surgical technique, namely the hepaticojejunostomy (HJT). This prospective randomized study enrolled 32 patients with malignant biliary obstruction (MBO) in whom the ERCP failed to achieve BD. One HJT and 2 CDS could not be performed; thus, the technical success rate was 93.7% in the HJT group and 87.5% in the CDS group. The clinical success rate (93% in the HJT group vs. 71% in the Choledochoduodenostomy (CDT) group) and the complications rate (13.33% in the HJT group vs. 21.42% in the CDT group) were statistically similar for both surgical and endoscopic groups. However, the procedure time was significantly shorter in the CDS group (45.3 min) than in the HJT group (107 min) (P = 0.027).
PTHD versus choledochoduodenostomy
Over the last few years, the EUS-BD techniques have replaced the PTHD. Besides avoiding the loss of electrolytes, the internal drainage also exempts the unpleasant need for an external device. [16] Téllez-Ávila et al. [17] retrospectively compared 62 patients undergoing either PTHD or EUS-BD. Among the EUS-BD patients, 48.5% were CDSs. The EUS-BD was superior to PTHD in terms of technical success (90% vs. 78%; P = 0.03), clinical success (96% vs. 63%; P = 0.04), AEs (6.6% vs. 28%; P = 0.04), length of stay (6.5 days [0-11] vs. 12.5 days [6-25] P = 0.009), and costs (1440.15 ± 240.94 vs. 2165.87 ± 241.10 American Dollars (USD); P = 0.03). [24] Favors EUS-CDS [26] 
Stent patency -Favors EUS-BD No difference
Favors EUS-CDS [26] Level of evidence* 1B [15] 1A [16] 1B [11, 23, 24] 1B [4, 26, 27] *According to the Oxford classification. [28] EUS-BD: EUS-guided biliary drainage, EUS-CDS: EUS-guided choledochoduodenostomy, HJT: Hepaticojejunostomy, PTHD: Percutaneous transhepatic biliary drainage, EUS-HGT: EUS-guided hepaticogastrostomy Sharaiha et al. [16] reviewed nine studies with a total of 482 patients comparing PTHD to the EUS-BD. The EUS-BD was associated with significantly higher clinical success rates, a lower rate of postprocedural AEs, and fewer reinter ventions. There was no difference regarding technical success between the two techniques.
As to controlled data, only two prospective randomized trials to date compared directly PTHD to the CDS. Artifon et al. [18] published the first randomized controlled trial (RCT) in 2012 including 25 patients (EUS-CDS = 13 vs. PTHD = 12). The baseline characteristics were similar for both groups. All procedures were technically and clinically successful. At 1-week follow-up, the total bilirubin had reduced significantly in both groups (EUS-CDS: 16.4-3.3; P = 0.002 and PTHD: 17.2-3.8; P = 0.01). Accordingly, there was no difference concerning the final total bilirubin levels (3.3 vs. 3.8, P = 0.2). The AEs rates were 15.3% (2/13) and 25% (3/12) for EUS-CDS and PTBD, respectively (P = 0.44). In addition, overall costs were similar for both groups ($ 5673 EUS-CDS vs. $ 7570 PTHD; P = 0.39).
In 2015, Lee et al. reported the second RCT enrolling 66 patients randomly allocated to the EUS-BD or the PTHD group. There was no loss to follow-up; therefore, 34 and 32 cases were analyzed in the endoscopic and percutaneous groups, respectively. Among the EUS-BD patients, 8 underwent CDS with a clinical success rate of 87.5% (7/8). Overall EUS-BD technical and functional success rates were 94.1% (32/34) and 87.5% (28/32), respectively, versus 96.9% (31/32) and 87.1% (27/31) for the PTHD group. For a noninferiority margin of 15%, the difference found in technical success rates achieved statistical significance (P = 0.008). As to procedure-related AEs (8.8% vs. 31.2%, P = 0.022), re-intervention rate (25% vs. 54.8%, P = 0.015), and length of hospital stay (6 days vs. 12 days), the endoscopic group was superior to the standard PTHD. [19] Despite limited controlled data, the quality of evidence is adequate to support the current employment of EUS-CDS as a safe alternative to PTHD. In fact, recent guidelines even recommend the EUS-guided interventions to be preferred over the PTHD if adequate endoscopic expertise and logistics are available. [6, 20] 
Hepaticogastrostomy versus cholodochoduodenostomy
In patients with a distal biliary obstruction, both hepaticogastrostomy (HGT) through a left-sided intrahepatic bile duct and CDS are feasible options. [8] Currently, there is no consensus on the preferred route, but most data show similar functional success with a slightly higher complication rate for the transhepatic approach. [21] In an international multicenter retrospective cohort published in 2016, Khashab et al. [22] evaluated 121 patients with MBO undergoing CDS (n = 60) or HGT (n = 61). There was no difference regarding technical success rate (CDS 93.3% vs. HGT 91.8%, P = 0.75) and clinical success rate (CDS 85.5% vs. HGT 82.1%, P = 0.64). AEs occurred more frequently in the HGT group (19.67% vs. 13.3%), albeit no statistical difference was found (P = 0.37). Length of the hospital stay was significantly shorter in the CDS group (5.6 ± 6 days vs. 12.7 ± 11.5 days, P < 0.001). Interestingly, the use of noncoaxial electrocautery (odds ratio [OR] 3.95, 95 % confidence interval [CI] 1.16-13.40, P = 0.03) and plastic stenting (OR 4.95, 95 % CI 1.41-17.38, P = 0.01) were independently associated with the occurrence of AEs in the multivariable analysis.
In a randomized trial published in 2015, Artifon et al. [8] enrolled 49 patients with MBO who either failed ERCP and Rendezvous (n = 9) or had inaccessible papilla (n = 40). The individuals were randomly allocated to CDS (n = 24) or HGT (n = 25). The technical success rate was 96% (24/25) for HGT and 91% (22/24) for CDS (P = 0.60) while clinical success rate was 91% (22/24) for HGT and 77% (17/22) for CDS (P = 0.23). The mean procedure time and the immediate AEs rate were also similar for both groups. Nine (37.5%) and twelve (54.5%) patients died in the HPT and CDS groups, respectively, but no death was related to the procedure or cholangitis. Accordingly, there was no difference concerning the survival time between groups (P = 0.60) while the quality of life (QOL) improved significantly despite the draining route.
Some recent systematic reviews have compared the efficacy and safety profiles of the CDS versus the HGT. Uemura et al. [23] included 10 studies with a total of 434 patients comparing those techniques (CDS = 226, HGT = 208). In highly homogeneous analyses, the authors found similar technical and clinical success rates: 94.1% and 88.5% for CDS, 93.7% and 84.5% for HGT. In addition, there was no difference regarding AEs (OR = 0.97 95% CI 0.60-1.56, I = 37%). Conversely, in a previous meta-analysis including only seven studies, Khan et al. [24] demonstrated fewer AEs for the CDS with a pooled OR = 0.40 (0.18, 0.87).
Finally, Mohan et al. [11] recently published a meta-analysis including 14 independent cohort studies with a total of 596 patients -the largest meta-analysis to date. The primary aim was to assess the AEs rate. The pooled rate of overall AEs was 14.5% in the CDS compared with 20.9% in the HGT group, although the difference did not reach statistical significance (P = 0.10). Interestingly, a subgroup analysis showed fewer complications when LAMS (10.1% vs. 15.9% other stents) and metallic stents (13.4% vs. 19.2% for metallic/plastic) were employed.
ERCP versus choledochoduodenostomy (primary approach)
With the improvement of technique and devices over time, the EUS-BD procedure has become more effective and safer. In this sense, Wang et al. showed higher technical success rates in studies published after 2013 compared to previous publications. [25] This improvement allowed some authors to investigate the outcomes of EUS-BD as a primary approach to address MBO.
To date, three randomized studies compared ERCP to the EUS-BD in this context. Paik et al. [26] included 125 patients (EUS = 64 vs. ERCP = 61) with unresectable malignant distal biliary obstruction from four tertiary centers in South Korea. From the EUS group, 32 patients underwent CDS and the remaining underwent HGT. The overall technical and clinical success rates were 93.8% (60/64) and 90.0% (54/60) for the EUS-BD, and 90.2% (55/61) and 94.5% (52/55) for the ERCP. There was no difference in clinical success (P = 0.49). Interestingly, the EUS-BD group presented lower rates of overall AEs (6.3% vs. 19.7%, P = 0.03). The incidence of postprocedure pancreatitis (0% vs. 14.8%), the need for reintervention (15.6% vs. 42.6%), and the rate of stent patency (85.1% vs. 48.9%) also favored the EUS approach. Finally, the EUS-guided stenting was associated with a greater QOL than the transpapillary approach at the 12-week follow-up. In the EUS group, the technical success rate, clinical success rate, AEs, reintervention, stent patency, and overall survival were similar between CDS and HGT.
Park et al. enrolled 30 patients with distal MBO to undergo either EUS-BD or ERCP. All cases from the EUS-BD were CDSs. Technical success, clinical success, and stent dysfunction rates were similar for both methods. However, the etiologies for stent dysfunction differed significantly: Four cases of tumor in growth in the ERCP group and two cases of food impaction plus two cases of stent migration in the EUS group. [27] The final RCT was recently published by Bang et al. This trial included 67 patients who were randomly allocated for EUS-BD (n = 33) or ERCP (n = 34). Again, all patients from the EUS group underwent the CDSs. The primary outcome was the rate of AEs: 21.2% versus 14.7% for EUS and ERCP, respectively (P = 0.46). In addition, the procedures had similar rates of technical success (90.9% vs. 94.1%, P = 0.67), clinical success (97% vs. 91.2%, P = 0.61), and need for reinterventions (3.0% vs. 2.9%, P = 0.99). [4] Nonetheless, there is no comparative meta-analysis to date. Once all RCTs showed equivalent technical and clinical success for ERCP and EUS-BD, pooling data are unlikely to change these observations, but it might favor EUS in terms of AEs. Conclusively, the role of EUS-BD might change in the near future from a rescue to a primary procedure to address the MBO.
ADVERSE EVENTS
The most common AEs of the CDS are duodenal bleeding, biliary fistula formation, and stent migration. The most serious one is the early stent migration or a stent misplacement leading to the need for surgical repair. Besides them, the vast majority of AEs can be managed endoscopically or through interventional radiology, therefore, exempting the need for exploration. [15] Hedjoudje et al. showed a 20% overall AEs rate in recently published meta-analysis. The most common ones were: stent dysfunction due to clogging/shrinkage/occlusion (3.95%); peritonitis (2.77%); pneumoperitoneum (2.37%); cholangitis (1.98%); and bleeding (1.98%). [9] The AEs rate following the HGT was significantly higher than the CDS (OR = 2.0 1.09-2.17 P < 0.001). Similarly, Khan et al. demonstrated lower complication rates for the CDS (OR = 0.40 0.18-0.87 P < 0.05). [24] S77 ENDOSCOPIC ULTRASOUND / VOLUME 8 | SUPPLEMENT 1 / NOVEMBER 2019 In another recent meta-analysis, Mohan et al. included a total of 572 CDSs and showed a pooled AEs rate of 13.6%. As in the other aforementioned studies, cholangitis (4.2%), bleeding (4.1%), bile leak (3.7%), and perforation (2.9%) were the most frequent complications. Interestingly, a subgroup analysis demonstrated that the AE rate associated with the LAMSs was only 9.3%. [11] 
LIMITATIONS OF CHOLEDOCHODUODENOSTOMY
The most common limitation of the CDS is a hilar block which typically only dilates intrahepatic ducts. Because the CBD is close to the portal vein at the duodenal bulb and second portion, the puncture may be risky, particularly in patients with mild extrahepatic dilatation. Moreover, the stent delivery system requires some space to adequately allow deployment. [29] Consequently, most guidelines suggest the transhepatic route in cases of hilar tumors. [6, 20] On the other hand, the presence of ascites makes the transhepatic access (whether percutaneous or EUS-guided) more difficult and hazardous. [30] In this context, the CDS becomes the first EUS-guided option over the HGT.
Another very common limitation is the lack of expertise. In fact, the aforementioned guidelines recommend the EUS-BD to be the first option after failed ERCP only if expertise is available. The MBO requiring biliary decompression is a rare condition, and the EUS-BD learning curve is particularly extended: Some studies suggest that expertise is achieved after fifty cases. [31] Consequently, the access to EUS-BD is limited, and procedures should be concentrated in highly specialized centers. Furthermore, the absence of a written informed consent may hamper the EUS-BD since the safety profile and possible complications differ expressively from those related to the ERCP. In this sense, Khashab et al. [32] have suggested the endoscopist to obtain the informed consent for EUS-BD from all patients at the time of the ERCP, especially from those at high risk of failed biliary cannulation (e.g., surgical anatomy, previous failed ERCP, periampullary cancer with duodenal invasion on imaging, and duodenal stent covering the ampulla).
Finally, the indication to treat both biliary and duodenal obstruction does not restrain the CDS. It can be performed, and a duodenal stent can be placed during the same procedure. [33, 34] 
CONCLUSION
The EUS-BD is a safe option for BD after failed ERCP, mainly in a context of MBO. Despite the drainage route, the technical and clinical success rates of the EUS-BD are high. Because of such good outcomes with tolerable AEs rate, the EUS-BD might soon replace the ERCP for primary biliary decompression in patients at high risk for failed biliary cannulation. Among the EUS-BD techniques, the CDS seems to carry the lower risk of AEs and should be considered the first-line EUS approach for biliary decompression.
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